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SUMMARY In this review, we present a comprehensive discussion of matters re-
lated to the problem of blood culture contamination. Issues addressed include
the scope and magnitude of the problem, the bacteria most often recognized as
contaminants, the impact of blood culture contamination on clinical microbiol-
ogy laboratory function, the economic and clinical ramifications of contamina-
tion, and, perhaps most importantly, a systematic discussion of solutions to the
problem. We conclude by providing a series of unanswered questions that per-
tain to this important issue.
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INTRODUCTION

Blood cultures have long been recognized as one of the most important tests
performed in clinical microbiology laboratories. Unfortunately, blood cultures are

frequently contaminated (1–5). There is a substantial cost associated with contami-
nated blood cultures, a defined impact on clinical microbiology laboratory practice,
and, perhaps most importantly, the potential for negative outcomes among patients
from whom blood cultures have been obtained (2, 6–13).

The intent of this review is to systematically address five issues relevant to the
problem of contaminated blood cultures. These include the scope and magnitude of
the problem, its impact on laboratory practice, the clinical implications of contaminated
blood cultures, associated costs, and, finally and perhaps most importantly, potential
solutions to the problem. Inherent in this discussion is the long-held notion that a
certain percentage of blood cultures will be contaminated irrespective of what efforts
are made to prevent contamination (14). Currently, health care institutions in the
United States are held to a performance standard of �3% rates of blood culture
contamination (15, 16). Clearly, as will be shown in this review, recent advances in
practice can lead to much lower rates of contamination. If this is true, in view of the
substantial negative consequences of contaminated blood cultures, the question arises,
should this arbitrary 3% contamination rate threshold be reconsidered?

THE MICROBIOLOGY OF BLOOD CULTURE CONTAMINATION
Magnitude of the Problem

There are two metrics that can be used to quantify the extent of blood culture
contamination: the percentage of all positive blood cultures that yield organisms
judged to be contaminants (i.e., overall blood culture contamination rate) and the
percentage of all blood cultures obtained that are contaminated. Using both of these
approaches, the reported frequency with which blood culture contamination occurs
has varied in published studies. In a series of large clinical studies examining blood
cultures and bacteremia over 4 recent decades, Weinstein and colleagues found that
one-third to one-half of all positive blood cultures were judged by infectious disease
physicians to represent contamination (2, 3, 17). Other studies have reported lower
rates. Story-Roller and Weinstein found that 26% of all positive blood cultures were
judged to contain contaminants (4). The overall contamination rate at the university
hospital where this study was done was 3.9% (4). Washer et al. found that 13% of all
positive blood cultures represented contamination and that overall contamination
rates were 0.8% when blood for culture was obtained peripherally by phlebotomists
who performed venipuncture (18). Rupp et al. reported that 23% of all positive blood
cultures represented contamination and that overall contamination rates were 1.8%
during a defined study period (9). Interestingly, the institutional contamination rate in
this study increased to 2.8% 6 months following conclusion of the study and reversion
to standard practice (9). Other studies have noted that 20 to 56% of all positive blood
cultures are found to be contaminated (19, 20), with overall contamination rates of 0.6
to 12.5% (21, 22). Clearly, a number of different variables impact the scope and
magnitude of the problem of blood culture contamination.

Sources of Blood Culture Contamination

The potential sources of blood culture contamination are numerous and varied (23,
24). Poor technique by individuals obtaining blood cultures is a major factor (7, 25–27).
So is insufficient disinfection of the skin, as the principal source of contaminants is
commensal bacteria that colonize the skin (18, 20–22, 28). Collection of blood through
indwelling vascular catheters is also problematic. Perhaps related to the difficulty in
obtaining adequate antisepsis in the port (i.e., access) area of the intravenous device at
the site where blood is obtained for culture, blood cultures that are obtained by
peripheral venipuncture have generally been reported to be associated with lower
contamination rates than those obtained from indwelling intravenous catheters
(29, 30).
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Yet another contributing factor in contamination is the type of broth medium used
for blood cultures. Several decades ago, manufacturers of blood culture media and
detection systems developed media that contained antibiotic-binding resins. In clinical
studies comparing these so-called resin media to standard broth media without resins,
the resin-containing media provided an increased yield (i.e., growth) of both pathogens
and contaminants (31–36). This was particularly notable for both Staphylococcus aureus
and coagulase-negative staphylococci (CoNS), the latter most often representing con-
tamination.

Lastly, the standard of practice for obtaining blood cultures by venipuncture un-
derwent a substantial change as the importance of blood-borne pathogens (e.g., HIV)
and needlestick injuries to health care workers became widely recognized during the
1990s. Prior to the HIV era, blood cultures were often obtained by a 2-needle technique
wherein a sterile needle was used for venipuncture and then, prior to inoculation of the
blood culture vials, this needle was removed and a 2nd sterile needle was attached to
the syringe for inoculation of blood into the culture vials. To minimize exposure to
“sharps” that might result in injury, studies were conducted to determine whether a
single-needle technique could be used. Three such studies were published and showed
no statistically significant increase in contamination rates (37–39). However, a meta-
analysis of these studies reported that single-needle blood cultures were associated
with contamination rates of 3.7%, whereas contamination rates were only 2.0% when
a two-needle technique was used (40).

Bacteria Associated with Contaminated Blood Cultures

Over many years, a number of clinical laboratory investigations have helped inform
our current understanding of the microorganisms most likely to represent contamina-
tion when isolated from the blood (2, 3, 17, 41). These include most species of CoNS,
most species of Corynebacterium and related genera, Bacillus spp. other than Bacillus
anthracis, Micrococcus spp., and Cutibacterium acnes and related species. These organ-
isms may be considered contaminants unless recovered from multiple blood cultures
obtained in sequence, in which case, careful assessment of patients and additional labo-
ratory information is required in defining significance (or lack thereof). Enterococci,
viridans group streptococci, and Clostridium spp. are of variable clinical significance (i.e.,
may be either contaminants or true pathogens) when recovered from blood cultures.
In contrast, microorganisms such as Staphylococcus aureus, Streptococcus pneumoniae,
beta-hemolytic streptococci, Listeria monocytogenes, Escherichia coli and other mem-
bers of the Enterobacteriaceae, Pseudomonas aeruginosa, Neisseria meningitidis, Haemo-
philus influenzae, anaerobic Gram-negative rods (e.g., Bacteroides spp. and Fusobacte-
rium spp.), and Candida species rarely represent contamination.

THE LABORATORY IMPACT OF BLOOD CULTURE CONTAMINATION

According to the Clinical and Laboratory Improvements Act (CLIA), the clinical
microbiology laboratory is responsible for the preanalytical phase of testing related to
the diagnosis of infectious diseases (42). This includes the selection, collection, and
transport of specimens. Therefore, the clinical laboratory plays a central role in provid-
ing instructions for preventing contamination during blood culture procurement. Table
1 lists key elements for optimization of blood cultures that may impact contamination.
The last section of this review delineates in detail the various factors that must be
considered at the time of blood culture procurement with the aim of minimizing
contamination. Specific instructions on the proper collection of blood cultures should
be provided in laboratory directories or specimen collection guidelines.

In addition, the clinical microbiology laboratory plays an essential role in providing
information to care providers when blood culture isolates likely to represent contam-
ination are recovered. Several algorithms have been described that provide criteria
which can be used in the laboratory for determining whether isolates of bacteria
frequently found to contaminate blood cultures, such as those mentioned above, are
likely to be contaminants when recovered in blood cultures (1, 30, 43–45). In making
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this assessment, in addition to the specific bacterium recovered, the number of blood
cultures obtained and the number positive are both important. (For purposes of this
review, a blood culture is defined as a culture obtained by one venipuncture or line
draw usually consisting of two bottles, one aerobic bottle and one anaerobic bottle.)
Consultation with care providers may be required in determining the significance of a
blood culture isolate when only a single blood culture set is submitted. When multiple
cultures yield the same organism, the positive predictive value for true bacteremia
increases (1, 41, 43, 46). Having made a determination that a blood culture isolate is
likely to be a contaminant, it is incumbent upon the laboratory to provide this
information to care providers both in written culture reports and, when warranted, in
direct communications. For example, the report might state: “Coagulase-negative
Staphylococcus, probable contaminant. No additional workup. Please call the laboratory
within 2 days if susceptibility testing is needed.”

A related consideration is the length of time blood culture bottles are incubated.
There exists at least anecdotal information which suggests that the length of time to
positivity is of some value in discerning the likelihood of an individual blood culture
isolate being a contaminant or of clinical significance (6, 23). The underlying premise is
that growth of pathogens, which are likely to be present in higher concentrations in
blood from patients with bacteremia, will be detected earlier than contaminants, in
which case the magnitude of bacteremia is generally lower (41). This concept may have
some validity, at least with blood culture systems that are characterized by prolonged
incubation periods. However, today, with the widespread use of continuous monitoring
blood culture systems and their attendant incubation periods of only 4 to 5 days, this
notion may not be valid (47). In addition, given the extensive overlap in detection times
between significant isolates and contaminants, length of time to detection cannot, by
itself, be relied upon to accurately predict the clinical significance of individual blood
culture isolates (48).

Continuously monitored blood culture systems and enhancements to culture media

TABLE 1 Essential elements for reduction of contamination and optimization of blood culturesa

Element Comment

Preanalyticalb

Body site for specimen collection Peripheral venipuncture preferred
Preparation of the venipuncture site Use of alcoholic chlorhexidine gluconate and/or tincture of iodine with 70% alcohol;

iodophors (povidone iodine) are not recommended
Specimen procurement

Hand hygiene Use of trained phlebotomy teams
Sterile gloves Adherence to aseptic practices
Selective use of sterile drapes Avoid cultures obtained through lines

No. of bottles A minimum of two separate draws; usually one aerobic and anaerobic bottle per
draw

Vol of blood (in adults) 8–10 ml of blood per bottle; 20–30 ml per venipuncture
Transport to the laboratory Transport time should be as rapid as possible at room temperature; follow

manufacturers’ guidelines.

Analytical
Use of continuously monitored blood culture systems Reduces turnaround time
Timely Gram stain performance 24/7 processing of positives
Rapid diagnostics Provides faster identification of contaminants and true pathogens
Timely ASTc Resistance marker detection direct from bottle AST

Postanalytical (result interpretation)
Notify care providers when blood cultures are

determined to be positive
Establish institutional critical action value policy for reporting

Define, minimize workup of contaminants Clearly report as contaminants organisms that meet criteria as such; do not perform
AST

Final report in electronic patient record Concise, pertinent report highlighting pathogen and resistance
aDerived from references 1, 4, 19, 20, 25–28, 40, 46, 53, 55, 58–63, 67, 68, and 71.
bLaboratories should have specimen collection guidelines available that address the preanalytical protocols for specimen procurement, training of phlebotomists or
other staff, and feedback on individual contamination rates.

cAST, antimicrobial susceptibility testing.
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have improved the recovery and shortened the time to detection of both true patho-
gens and contaminants, thus shortening the time to provision of blood culture results
to care providers (49, 50). Similarly, the availability of novel laboratory technologies to
rapidly identify organisms and, in some cases, their resistance determinants directly
from positive blood cultures also allows for more rapid detection of potential contam-
inants, in some cases by as much as 24 h (51–53). Methods include matrix-assisted laser
desorption ionization–time of flight mass spectrometry (MALDI-TOF MS), nucleic acid
detection, nucleic acid sequencing, and peptide nucleic acid fluorescence in situ
hybridization (PNA-FISH). As stated above, the positive clinical implications of use of
these methods are substantial (54–56). It should be noted, however, that MALDI-TOF
MS, a rapid and relatively inexpensive identification method, is labor-intensive when
applied directly to blood culture broth and, as a result, is most often applied to colonies
after short incubation of subcultures from positive blood cultures (57). In contrast,
nucleic acid-based methods can readily be applied directly to blood culture broth and
thus do represent a practical rapid means for identifying causes of bacteremia. Nucleic
acid-based methods are, however, typically costly ($70 to $250 per application). In
determining whether such methods are cost justifiable in the workup of positive blood
cultures, the accrued laboratory costs must be balanced against the potential cost
savings in patient care.

Future technologies that measure host response to infection could be useful in
determining whether an organism recovered in a blood culture is of clinical signifi-
cance. This would be of particular value when combined with ultrasensitive detection/
identification molecular methods.

Blood culture contamination directly affects analytical testing and laboratory effi-
ciency. Workup of contaminated blood cultures increases technologists’ workloads at a
time when many microbiology laboratories are experiencing staffing shortages. In
addition, contaminated cultures divert technologist efforts away from other critical
samples. There is also the issue of increased time spent in phoning false-positive blood
cultures as critical action values to care providers. This is disruptive not only to the
laboratory but also to recipients of phone calls, e.g., nurses, physicians, and other health
care providers. Finally, high blood culture contamination rates may result in a negative
impression of clinical laboratory services, as users of the laboratory often believe that
contamination is the result of poor laboratory practices (6–8, 19, 22, 25).

Contaminated blood cultures also result in financial consequences to the laboratory,
as they lead directly to unnecessary and costly additional laboratory testing. Examples
include repeat blood cultures, cultures of ancillary sites, and nonmicrobiologic studies
such as therapeutic drug monitoring for agents such as vancomycin, basic metabolic
panels, and complete blood count (CBCs) (22). Microbiology laboratories may use more
media, perform additional organism identification procedures, and conduct unneces-
sary antimicrobial susceptibility tests. Gander et al. reported a difference in median
patient charges between negative and false-positive episodes of $8,720 per contami-
nant, a 47% increase (7). In this study, laboratory costs were not separated from the
other expenses. Bates et al. were among the few investigators to specifically address
additional microbiology costs between contaminated and negative cultures (6). Using
charge analysis as their metric, they noted an 80% increase in total microbiology
charges related to contaminated blood cultures, including a 30% increase in routine
culture charges and a 40% increase in blood culture charges (6). In a small study of
CoNS contaminants, Surdulescu et al. found a 150% increase in charges compared to
negative blood cultures (25). Finally, Alahmadi and colleagues found a 4-fold increase
in microbiology charges per contaminated culture compared to a negative culture (19).
Clearly, contaminated blood cultures have a substantial negative financial impact on
laboratory practice.

THE CLINICAL CONSEQUENCES OF BLOOD CULTURE CONTAMINATION

There are several untoward clinical consequences of contaminated blood cultures,
the most obvious of which is increased antibiotic exposure. Bates et al. found that
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intravenous antibiotic charges were 39% higher for contaminant blood culture epi-
sodes than among culture-negative patients (6). Souvenir et al. demonstrated that 41%
of blood culture contaminant episodes due to CoNS were treated with antibiotics (with
34% receiving vancomycin unnecessarily) (22). Similarly, Lee et al. showed that 41% of
178 patients with contaminants received unneeded intravenous antibiotics (58). Many
patients who are started on antibiotics for contamination events receive prolonged
therapy. van der Heijden and colleagues found that the median antibiotic course
among patients receiving antibiotics after contamination events was 7 days (59), while
Souvenir et al. found a mean duration of 6.5 days of vancomycin for CoNS contamina-
tion episodes (22).

This increased antibiotic exposure is associated with several potential adverse
events, including allergic reactions, drug-drug interactions, antibiotic resistance emer-
gence, and disruption of the host microbiome that can lead to Clostridioides difficile
infection as well as other adverse consequences. Unfortunately, limited data exist to
quantify the burden of the adverse events that are specifically associated with con-
taminated blood cultures. While one study revealed that patients with contaminated
blood cultures who received antibiotics had higher 1- and 2-week crude mortality rates
than those who did not, this finding was confounded by the fact that patients given
antibiotics were sicker and had more comorbidities (e.g., malignancy), and their deaths
were not felt to be directly related to the consequences of unnecessary antibiotic
therapy (58).

Several other clinical consequences may follow blood culture contamination events.
Venous access must be maintained in order to deliver parenteral antibiotics and can
result in mechanical complications, thromboembolic disease, and infection (60). Un-
needed consultation requests may be generated (e.g., infectious diseases consulta-
tions), along with additional laboratory or other diagnostic testing (e.g., repeat blood
cultures and echocardiography). The search for a source of the bacteremia can lead to
unwarranted concern over, or even removal of, indwelling devices such as pacemakers
or implantable cardioverter defibrillators. Finally, the initial focus on the blood culture
result as the etiology of the patient’s presenting clinical syndrome may result in
“anchoring bias” (a form of cognitive bias in which one leans too heavily on an initial
piece of information when making subsequent decisions). This can lead to a delay in
obtaining the correct diagnosis and a delay in initiating appropriate therapy.

To quantify the frequency of some of these consequences, investigators at Vander-
bilt University Medical Center selected a random sample of 100 consecutive patients
with blood cultures positive for CoNS that were judged to be contaminants. Extrapo-
lating from this cohort, they estimated an annual burden of almost 900 additional
blood cultures obtained, over 350 additional antibiotic courses, and over 30 each of
catheter removals, echocardiograms, and subspecialty consultations at their hospital
(59). Moreover, an estimated 15 operative procedures would be postponed annually
due to contamination events. All of the above may then lead to increased hospital
lengths of stay.

Observational studies have described the magnitude of such increases in length of
hospitalization. For example, blood culture contamination resulted in an increase of
approximately 1 day of hospitalization (from 4 to 5 days) for patients with blood
cultures obtained in the emergency department (ED) prior to admission (7). Among
hospitalized patients, contaminated blood cultures were associated with a 5.4-day
increase in hospital stay compared with that of hospitalized controls matched for age,
comorbidity score, and admission month (19). Each additional hospital day due to
blood culture contamination increases the chances for a hospital-acquired adverse
event, including health care-associated infection, medication errors, falls, decubitus
ulcers, and thromboembolic events. While the risks for these adverse events vary
substantially by patient-level and facility-level variables, Hauck and Zhao estimated that
each additional night in a hospital increases a patient’s risk for an adverse drug reaction
by 0.5%, for hospital-acquired infections by 1.6%, and for pressure ulcers by 0.5% (61).

The negative clinical impact of blood culture contamination can be ameliorated in
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part by the use of rapid diagnostics combined with active antibiotic stewardship efforts.
In a prospective, randomized controlled trial, Banerjee and colleagues at Mayo Clinic
introduced a rapid multiplex PCR for detection of pathogens directly from positive
blood cultures (62). They compared treatment with �24 h of antibiotic therapy of CoNS
contamination episodes (1 positive culture out of �2 obtained) between the interven-
tion (rapid PCR, with and without active stewardship) and control (standard care) arms.
When combined with real-time audit and feedback from their antibiotic stewardship
team, the rapid testing group had a significant reduction in treatment of presumed
contaminants (from 25% in the control group to 8% [P � 0.015]). Rapid test results
alone (with templated comments in the report but no active stewardship) also dem-
onstrated a significant, though less pronounced, reduction in treatment of contami-
nants (11%). Nagel and colleagues likewise examined the impact of MALDI-TOF MS
identification and an antibiotic stewardship intervention on the duration of antibiotic
therapy for CoNS contamination episodes (63). Using a quasiexperimental, before-after
study design, they demonstrated a reduction in days of unnecessary antibiotic therapy
(from 3.89 to 1.31 days [P � 0.001]) in the postintervention cohort, as well as a 50%
reduction in the number of vancomycin trough levels performed.

Therefore, the implementation of rapid diagnostic testing for positive blood cultures
is likely to reduce, but not eliminate, the adverse clinical consequences of blood culture
contamination events. These approaches are most effective when combined with an
active antibiotic stewardship team. Such interventions are also justified based on many
published studies that report an overall mortality reduction, summarized in a recent
meta-analysis (64). However, these interventions (advanced rapid molecular diagnos-
tics, stewardship-trained pharmacists, and infectious diseases specialists) may not be
accessible to many hospitals. For example, the 2017 National Healthcare Safety Net-
work (NHSN) patient safety annual survey revealed that only 30% of 4,792 acute-care
hospitals used MALDI-TOF MS technology for bacterial organism identification, with
those facilities using it more likely to be larger and affiliated with a medical school (65).
Such hospitals may also be more likely to have dedicated phlebotomy services, also
known to reduce blood culture contamination rates.

THE ECONOMIC CONSEQUENCES OF BLOOD CULTURE CONTAMINATION

Numerous investigations, using various study designs, have examined the economic
impact of contaminated blood cultures. Studies dating back several decades have
consistently identified an economic cost associated with blood culture contamination.

Two case series have described the added costs associated with blood culture
contamination in pediatric patient populations (66, 67). In a retrospective, hospital-wide
study conducted between 1993 and 1996 in Boston, a total of 9,465 blood culture
specimens were obtained from febrile children; 87 blood cultures (0.9%) from 87
patients were considered to be contaminated (66). Among these 87 patients, 15 were
treated in the hospital and 72 were managed on an outpatient basis. Hospital costs
were not reported in this study, but additional charges attributable to the contami-
nated blood cultures were estimated to be $10,821 for patients treated in the outpa-
tient setting and $16,200 for patients admitted to the hospital. A second retrospective
case series study evaluated 8,306 children with blood cultures drawn in an ED in
Washington, DC, between 1994 and 1996 (67). Of these cultures, 85 (1%) yielded
contaminants. The average added cost for the care of patients with contaminated
blood cultures in this study was $928 per patient. This cost was incurred as a result of
hospital admissions (61% of total costs), reevaluation in the ED (31% of total costs), and
antimicrobial susceptibility testing (8% of total costs).

Similar observations have been made for adult patients. A retrospective case series
conducted in 1997 assessed the cost implications of contaminated blood cultures in
adults (22). In this study, 3,276 blood cultures obtained from 1,433 adult patients
hospitalized in Spokane, WA, were examined. The primary intent of this investigation
was to assess the attributable hospital costs of blood culture contamination on
antimicrobial therapy. Fifty-nine patients in this study were noted to have contami-
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nated blood cultures; 52 (88.1%) of these cultures yielded CoNS. No species identifi-
cation was performed. Among these 59 patients, 24 (41%) were treated with a systemic
antimicrobial, most commonly vancomycin (n � 20 [34%]). No description of empirical
versus directed therapy was reported, but the average length of vancomycin therapy
was 6.5 days, suggesting that antimicrobial therapy was continued after identification
of the organism. The per-patient average cost to perform pharmacokinetic monitoring
and purchase of vancomycin in this study was $645.

Although retrospective case series such as those discussed above do not prove
causality, they do provide insight into the potential for added costs associated with
contaminated blood cultures. There have, however, been six published studies that
have compared the economic differences between patients with contaminated blood
cultures directly to those with negative blood cultures (6–8, 19, 68, 69). These com-
parative investigations, because of their design, provide more direct evidence of the
cost implications of blood culture contamination.

A retrospective case-control study conducted in Ireland (2007 to 2008) compared
142 hospitalized patients with contaminated blood cultures matched by age, comor-
bidities, and length of time in the hospital prior to collection of blood cultures to an
equal number of hospitalized patients with negative blood cultures (19). The total
length of hospital stay was 5.4 days longer for patients with contaminated blood
cultures (95% confidence interval [CI], 2.8 to 8.1) and was associated with increased
hospital costs of $7,502 (U.S. dollars) (95% CI, $4,925 to $10,078) per patient. Per-patient
pharmacy costs increased by $95 and laboratory costs by $61. Another comparative
study conducted in St. Louis, MO (1995 to 1996), examined cost differences between
patients with contaminated versus negative blood cultures (68). This prospective cohort
study of adult, hospitalized patients was conducted as part of a randomized controlled
trial evaluating different disinfectant methods. All patients with contaminated blood
cultures (n � 120) were compared to all other patients that participated in the study
(n � 3,731). The average length of stay was 2 days longer for patients with contami-
nated blood cultures (11 � 12 days) than for patients with negative blood cultures
(9 � 10 days), but these results were not statistically significant (P � 0.11). However,
statistically significant increases in cost were noted in the total cost of hospitalization
($4,100 increase [95% CI, $740 to $7,400]), the total cost of antimicrobials ($700 increase
[95% CI, $20 to $1,400]), and the total laboratory costs ($330 increase [95% CI, $140 to
$300]).

Three other cohort studies assessed hospital charges as opposed to hospital costs,
two involving hospitalized patients (6, 8) and the other involving patients in the ED (7).
The first of these was a prospective study in Boston, MA, in 1989 in which 94 of 1,191
hospitalized patients (7.9%) who had blood cultured were found to have contaminated
blood cultures (6). The length of stay was significantly longer (P � 0.003) for patients
with contaminated blood cultures (median, 12.5; interquartile range [IQR], 7 to 19 days)
compared to patients with negative blood cultures (median, 8; IQR, 5 to 17 days).
Statistically significantly increased hospital charges were also noted, including total
hospital charges ($4,385 increase [P � 0.004]), antimicrobial charges ($382 increase
[P � 0.004]), and laboratory charges ($631 increase [P � 0.0003]). In multivariate anal-
ysis, total charges increased by 12% for patients with contaminated blood cultures
compared to patients with negative blood cultures. In a retrospective cohort study of
hospitalized patients conducted in 2002 in Denver, CO, Zwang and Albert compared 56
patients with contaminated blood cultures to 816 patients with negative blood cultures
(8). An increase in total hospital stay of 3 additional days was noted for patients with
contaminated blood cultures. This was associated with increased hospital charges of
$8,756. Based on their overall 6% rate of blood culture contamination, they estimated
that contamination of blood cultures would result in $1.8 million in excess annualized
costs, most of that accounted for by an estimated 1,455 to 2,200 extra days of
hospitalization per year. Gander et al. also examined the impact of blood culture
contamination on total hospital charges in Dallas, TX, in 2006 to 2007 (7). This
investigation was part of a randomized controlled study aimed at evaluating phlebot-
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omist versus nonphlebotomist blood culture teams in the ED. All patients with con-
taminated blood cultures during the study period (n � 120) were compared to 960
randomly selected patients with negative blood cultures. Hospital charges were sig-
nificantly higher for patients with contaminated blood cultures (median, $27,472; IQR,
$21,063 to $37,841) than for patients with negative blood cultures (median: $18,752;
IQR: $17,046 to $20,315).

And finally, in a recent retrospective comparative observational study predicated on
matched survival data derived from two large teaching hospitals in Boston, Geisler et
al. estimated a cost per blood culture contamination event of $6,463; 79% of the
increased cost of care was the result of prolonged hospital stays and increased duration
of antimicrobial therapy (69).

All six of the cohort studies presented above demonstrate consistently increased
hospital costs or charges associated with blood culture contamination. Parenthetically,
it is also interesting that over time the increased length of stay associated with
contaminated blood cultures seems to have decreased. Possible explanations for this
observation include the positive impact of rapid diagnostic procedures in the clinical
microbiology laboratory, the increasing reliance on antimicrobial stewardship programs
as a means for optimizing antimicrobial therapy, and/or the heightened general
emphasis on shortening hospital stays.

Lastly, two investigations have assessed the economic benefits of routine use of
interventions to decrease costs associated with blood culture contamination (70, 71).
Self et al. compared routine use of sterile collection kits as well as phlebotomy teams
for drawing blood cultures as means for reducing blood culture contamination rates
(70). Using a decision analysis model, routine use of a sterile kit resulted in net
annualized savings of $483,219 in comparison to the routine blood culture collection
procedure that had been in place. An annual savings of $288,980, was observed when
trained phlebotomists collected blood cultures. Skoglund et al. performed a similar
decision analysis investigation in assessing the routine use of an initial specimen
diversion device to reduce blood culture contamination. The Steripath diversion device
(Magnolia Medical Technologies, Seattle, WA; discussed below) was compared to
standard of care in patients with blood cultures drawn in the ED (71). In this study, it
was estimated that the routine use of the diversion device to prevent contamination
would result in overall hospital cost savings of $272 per blood culture obtained in the
ED. Both of these cost-benefit analyses provide convincing evidence as to the cost
effectiveness of interventions that reduce blood culture contamination.

PREVENTION OF BLOOD CULTURE CONTAMINATION

The clinical and cost implications of blood culture contamination together with the
impact of contamination on clinical microbiology laboratory function are summarized
in Fig. 1. The question then arises, what can be done to reduce the scope and
magnitude of this problem?

Patient Selection

Prevention of blood culture contamination starts with selecting appropriate patients
for blood cultures. The pretest probability for bacteremia has a major impact on the
positive predictive value of the blood culture result. Performing blood cultures on
patients with a very low likelihood of bacteremia results in positive cultures more
frequently representing false positives. Therefore, clinicians should be educated regard-
ing clinical conditions more frequently associated with bacteremia and appropriate
laboratory stewardship. For example, there is growing recognition of the waste asso-
ciated with unrestrained blood culture use and the lack of utility of routinely repeating
blood cultures for patients with Gram-negative bacteremia (72, 73). Bacteremia predic-
tion models may eventually prove useful in guiding clinical decision making (74, 75).
There is potential for decision support tools, associated with the electronic medical
record, to positively affect the appropriateness of provider orders for blood cultures.
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Skin Antisepsis

Extensive investigation has been conducted to discern the preferable disinfectant to
be used for skin disinfection in blood culture procurement. Immediate antimicrobial
activity at the venipuncture site is required, but prolonged residual effect is not needed.
The results of a College of American Pathologists Q-Probe survey published in 1998
noted that the median blood culture contamination rate among adult inpatients was
significantly lower in hospitals using tincture of iodine (2.1%) than in those institutions
using an povidone iodine (2.9%) for blood culture skin disinfection (P � 0.036) (14). A
year later, similar observations regarding the superiority of tincture of iodine versus
povidone iodine as a skin disinfectant were made by Little et al. (68). Further reduction
in reported contamination rates was observed when 0.5% chlorhexidine gluconate,
used with alcohol, became available (76).

Subsequent reports, however, did not demonstrate a statistically significant differ-
ence with alcoholic chlorhexidine in comparison to aqueous povidone-iodine or tinc-
ture of iodine (4, 77–79). Maiwald and Chan performed a systematic review and
meta-analysis on the efficacy of chlorhexidine in skin antisepsis in which 12 articles,
including 2 previous systematic reviews, were included (80). Alcoholic chlorhexidine
was noted to be superior to aqueous povidone iodine. However, there was no evidence
to support alcoholic chlorhexidine over alcoholic povidone iodine or other comparative
agents that contained alcohol. In fact, alcohol alone may be an adequate skin disin-
fectant (79, 81). Investigators at M. D. Anderson Cancer Center noted that the addition
of 5% dimethyl sulfoxide (DMSO) to 70% isopropyl alcohol and 1% iodine resulted in
a significant decrease in blood culture contamination (82). Guidelines generally recom-
mend disinfection of the phlebotomy site with 2% alcoholic chlorhexidine or 70%
isopropyl alcohol followed by 2% chlorhexidine, with at least 30 s allowed for drying
(83, 84). We recommend careful disinfection of the skin prior to phlebotomy for blood
cultures with an alcohol-containing disinfectant and allowance for drying. Data do not
support preference for alcoholic chlorhexidine over an alcoholic iodine-containing
preparation, alcohol followed by another disinfectant, or even alcohol alone.

Blood Culture Bottle Disinfection

Although they are covered with a lid, the rubber septa of blood culture vials are not
sterile, and it is standard practice to disinfect the tops of culture bottles prior to
inoculation (14, 15, 44, 83–85). Seventy percent isopropyl alcohol is most often used for
this purpose. Iodine products should not be used alone to disinfect blood culture bottle
tops, as the iodine may result in erosion of the rubber and introduction of contaminants
(44).

Blood Culture Collection Site

It is preferable to obtain blood for culture via venipuncture rather than from

FIG 1 Consequences of blood culture contamination.
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intravascular catheters (21, 86). A meta-analysis of nine studies that met carefully
chosen quality metrics (24) demonstrated that blood collected through an intravascular
catheter had, on average, a 2.69-fold greater likelihood of being contaminated than
blood collected by venipuncture (95% CI, 2.03 to 3.57) (21). When blood cultures are
obtained through lines, organisms colonizing the catheter hubs may result in false-
positive blood cultures with not only skin commensals but also recognized pathogens
such as enterococci, S. aureus, and even Gram-negative bacilli (29, 30). This may falsely
elevate an institution’s rate of central line-associated bloodstream infections (CLABSIs)
as established by the NHSN (87). False-positive CLABSI rates may have negative patient
and financial consequences if thresholds are exceeded and could affect an institution’s
reputation as a quality organization (29, 30).

While blood cultures obtained via intravascular catheters are associated with de-
creased specificity and lower positive predictive value than for peripheral venipuncture
blood cultures, they do have greater sensitivity and negative predictive value (86).
Deriving data from 6 studies on this topic, Falagas et al. concluded that for every 1,000
patients with blood cultures obtained via intravascular catheters, an additional 8
patients with true bacteremia would be identified, but 59 false-positives would also
result (86). Blood culture contamination rates may be decreased with newly inserted
central venous catheters if the sample for culture is obtained via a lumen not exposed
to the guidewire (88).

Furthermore, if a central venous catheter is thought to be a possible source of a
patient’s bacteremia, paired blood samples may be obtained for culture from both the
catheter and a peripheral site, and the length of time to positivity compared. In order
for the time-to-positivity comparison to be valid, it is important that equal volumes of
blood be drawn from both sites. Alternatively, both blood samples can be cultured
quantitatively and the quantities of organisms recovered compared (89). Blood cultures
obtained from a central venous catheter should be drawn via a freshly placed needle-
less connector, as connectors in clinical use are frequently colonized and result in blood
culture contamination (90). In addition, if a catheter-related bloodstream infection is
suspected, some data support obtaining blood for culture from each catheter lumen
(91). However, in patients with multiple catheters and multiple lumens, this practice can
result in a significant amount of blood sampled at a substantial cost as well as
additional opportunities for blood culture contamination with each lumen sampled.

Although the routine practice of drawing blood cultures via vascular catheters is
discouraged, it remains a common practice in EDs when peripheral intravenous cath-
eters are established and experience, particularly in pediatric patients, remains some-
what conflicting (37, 92–95). Interestingly, the use of antiseptic barrier caps or passive
port protectors has been noted to decrease contamination of blood cultures obtained
via central venous catheters (96).

Single Needle versus Double Needle

As discussed above, because the needle used for venipuncture can become con-
taminated, it used to be common practice to apply a new sterile needle to transfer
blood from a syringe to the blood culture vial (double needle transfer technique), and
indeed, as noted above, a meta-analysis of 8 studies demonstrated a decrease in
contamination rate from 3.7% to 2.0% associated with the double-needle technique
(40). However, due to concern regarding needlestick injury, the double-needle transfer
technique has fallen into disfavor, and instead, it is recommended that equipment be
utilized that allows for the direct collection of blood into culture vials (15, 83).

Sterile Gloves and Hand Hygiene

Gloves should be worn as personal protective equipment when obtaining blood
cultures as part of standard infection prevention/blood-borne pathogen precautions.
However, it should be noted that nonsterile gloves can become contaminated and have
resulted in blood culture contamination (97). The use of sterile gloves was associated
with a significant decrease in blood culture contamination in a single-center crossover
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trial (98). However, the baseline rate of contamination at the center was low (1.1%) and
the overall decrease (0.5%) was small.Sterile glove use for blood culture procurement
has been an element of successful multicomponent culture contamination reduction
programs (99, 100). Clearly, sterile gloves should be employed if it is necessary to
repalpate a venipuncture site after it has been disinfected (101, 102). Although the
performance of hand hygiene is universally recommended prior to patient contact as
part of standard infection prevention, and intuitively one would reason that hand
hygiene could decrease blood culture contamination, there are few data to suggest
that hand hygiene plays a role in blood culture contamination rates.

Blood Culture Kits and Standard Procedures

In some studies, the use of blood culture collection kits (with or without sterile
gloves) and standardized operating procedures has been associated with a significant
decrease in blood culture contamination (100, 103–106). However, in a meta-analysis of
7 studies, Snyder and colleagues noted that the utilization of prepackaged blood
culture preparation kits did not result in a significant reduction in the rate of blood
culture contamination (odds ratio [OR], 1.121; 95% CI, 0.94 to 1.35) (21). Also, it should
be noted that in many studies the kits were one of several interventions, such as
education, training, and data feedback, and thus, the relative contribution of the kit to
the blood culture contamination rate is difficult to discern.

Sterile Drapes

The effect of sterile drapes on blood culture contamination has not been studied in
isolation, but sterile drapes have been included in some blood culture kits as part of
multicomponent improvement projects (100).

Blood Sampling and Volume

Sampling an appropriate amount of blood is essential in optimizing the perfor-
mance characteristics of blood cultures. The detrimental effect on pathogen detection
by culturing an inadequate amount of blood is well known (106). In this regard,
whenever possible, two or three 20-ml volumes of blood should be obtained in the
initial evaluation of adult patients suspected of having bacteremia. In pediatric patients
in whom collection of high volumes of blood is not possible, two blood specimens
should be obtained each consisting of as much blood as can safely be collected.
Importantly, separate sticks should be employed in collecting each blood sample. The
practice of obtaining multiple blood samples during a single phlebotomy as can
happen, for example, at the time an intravenous (i.v.) catheter is placed, is discouraged.
It is also essential that care be taken to inoculate appropriate volumes of blood into
blood culture vials. Both underfilling and overfilling blood culture vials have been
associated with contamination and/or false-positive results (107–109). As noted above,
the clinical microbiology laboratory should be proactive in establishing policies and
providing guidance to care providers with respect to optimizing the collection of blood
for culture.

Phlebotomy Teams/Education

Aseptic collection of blood for culture is a complex skill that requires special
knowledge and training. Unfortunately, gaps in knowledge and performance flaws are
common (92, 110, 111). Therefore, it is not surprising that the use of trained phlebot-
omists to obtain blood cultures has been associated with decreased contamination of
blood cultures (21, 112–114). In addition, a meta-analysis of five large studies con-
ducted in several U.S. hospitals, four of which were designated good quality, showed
excellent strength of evidence supporting reduced contamination rates by trained
phlebotomists compared to nonphlebotomists (25). The mean odds ratio of all five
studies of 2.58 (95% CI, 2.07 to 3.20) favors phlebotomy teams for decreasing blood
culture contamination (21). Several authors have detailed educational programs asso-
ciated with successful reduction in blood culture contamination (21, 112, 115, 116).

Doern et al. Clinical Microbiology Reviews

January 2020 Volume 33 Issue 1 e00009-19 cmr.asm.org 12

https://cmr.asm.org


Multidisciplinary/Multimodal Performance Improvement

In many instances, interventions to minimize blood culture contamination have not
been studied individually, and instead, multiple measures are introduced in multimodal
performance improvement projects that often include education and training, kits,
sterile gloves, phlebotomy teams, etc. (30, 102, 112, 117, 118). Translating evidence into
sustained clinical practice via multidisciplinary improvement projects requires attention
to both technical and adaptive work (119). Adaptive challenges to sustained perfor-
mance improvement may include people’s beliefs, habits, and values.

Surveillance and Feedback

Surveillance for blood culture contamination, most commonly using laboratory
parameters for the definition of contamination, is crucial in establishing baseline
institutional performance metrics and measuring the effect of improvement efforts.
Surveillance and feedback systems have been shown in multiple studies to result in
improved blood culture contamination rates, particularly when contamination rates are
reported in a timely manner and directed individually to those who perform phlebot-
omy (117, 120–123). In one study, education combined with feedback to individual
phlebotomists proved more effective than education alone (124).

Initial Specimen Diversion

Hair follicles, sebaceous glands, and deeper layers of the epidermidis serve as
sanctuary sites for skin flora. It is very difficult to eradicate microbes from these
protected sites with topical antiseptics. Skin fragments that may be colonized with
microbes can be dislodged as a result of venipuncture, potentially resulting in blood
culture contamination (125, 126). The previously discussed methods to prevent blood
culture contamination do not fully address this mode of blood culture contamination.
As an alternative or at least as an adjunct to these methods, diversion of the first
portion of blood, which presumably contains the contaminating bacteria, with culture
of the remaining secondary aliquot of blood, has been proposed as a means to
decrease contamination. Studies assessing the utility of this approach have reported
overall blood culture contamination rates of 1.6 to 2.4% (127–129).

Recently, two commercially available, self-contained devices that do not require
extra collection tubes but which achieve initial specimen diversion have been intro-
duced to the market, the Steripath Gen2 system (Magnolia Medical Technologies,
Seattle, WA) and the Kurin Lock device (Kurin, Inc., San Diego, CA). The question arises,
can even lower blood culture contamination rates be achieved through use of these
diversion devices?

The performance characteristics of the Steripath Gen2 device have been elucidated
in several published reports, three of which are outlined here (9, 130, 131). In a
prospective, controlled, matched-pair trial in an ED setting, an environment in which
blood culture contamination is notoriously a major problem, Rupp and colleagues
observed a nearly 90% decrease in blood culture contamination rates based on use of
the Steripath device (9). Overall blood culture contamination rates decreased from a
level of 1.78% to a level of 0.22% (P � 0.001) through use of this device during the
12-month intervention period involving 904 subjects and 1,808 blood cultures. Limi-
tations of the study include a potential selection bias, lack of pediatric aged patients,
and the fact that the study was conducted at a single center. In a multicenter controlled
clinical study in four EDs, the historical blood culture contamination rate over a
year-long period (35,392 blood cultures) was compared to contamination rates during
a 7-month intervention period (6,293 blood cultures) (130). The cumulative average
blood culture contamination rate decreased from a level of 3.52% to a level of 0.6%
(P � 0.0001) when the Steripath device was used to process blood specimens obtained
by both venipuncture and at the time that peripheral i.v. lines were placed, an 83%
reduction in contamination rate. And finally, in a prospective study conducted on a
single medical ward over a 6-month period involving 671 blood cultures obtained via
peripheral phlebotomy or at the time of initial peripheral intravenous catheter insertion, use
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of the Steripath device (207 cultures) was associated with a 1.0% contamination rate,
compared to a contamination rate of 5.2% in 464 cultures obtained via standard
practice (P � 0.008) (131). There is one published study pertaining to the Kurin Lock
device (132). In a small, single-center study, blood culture contamination rates obtained
during a 3-month period in which the Kurin device was used to process blood cultures
were reported as 0.44%. Contamination rates of 1.71% were noted during a 3-month
comparison period. No information was provided regarding the numbers of blood
cultures performed, the characteristics of the patient populations assessed, the criteria
used to judge the clinical significance of blood culture isolates, or the identification of
the microorganisms recovered from blood cultures. There are no head-to-head com-
parative trials with these two commercially available specimen diversion devices.

Table 2 summarizes those factors that are important in avoiding contamination of
blood cultures.

Unanswered Questions

A number of unanswered questions remain related to the practice of obtaining
blood cultures and their interpretation.

The first of these is, should there be a new universal standard which defines
“acceptable” overall institutional blood culture contamination rates, and, if so, what
should that threshold value be? Currently, rates of �3.0% are considered acceptable. It
is our opinion, however, that overall institutional contamination rates of �1.0% are now
achievable, and therefore, consideration should be given to the establishment of a new
universal threshold value of �1.0%.

Second, in settings in which overall contamination rates rise above 1%, should
objective, stepwise quality improvement programs designed to improve patient care
and reduce unnecessary costs be implemented? The answer is clearly yes. In this regard,
organizations concerned with patient safety and health care quality control such as The
Joint Commission, the Centers for Disease Control and Prevention, and the Agency for
Healthcare Research and Quality should assume a leadership role.

A third question is whether it is advisable for institutions to have a single, uniform
standard operational policy for collecting blood cultures, one that reduces to the extent
possible the problem of contamination. Again, the answer to this question is clearly yes,
at least as it pertains to the routine evaluation of patients suspected of having
bacteremia. However, in selected patients, e.g., patients with endocarditis or infected
endovascular devices such as pacemakers or vascular grafts, patients with joint proth-
eses, and profoundly immunocompromised patients, a routine policy might be insuf-
ficient. This is because positive blood cultures yielding organisms usually considered to
be contaminants can be and often are of clinical significance for such patients. Further,

TABLE 2 Interventions to prevent blood culture contaminationa

Intervention Comment

Patient selection Blood cultures should be performed for patients with a reasonable likelihood of bacteremia.
Skin disinfection Use of an alcohol containing disinfectant is recommended.
Blood culture bottle cap disinfection Tops of blood culture vials should be disinfected prior to inoculation of blood.
Phlebotomy site (intravascular catheter

vs peripheral vein)
Blood cultures should not be obtained via intravascular catheters unless the catheter is thought to

be the source of bacteremia.
Single-needle vs double-needle transfer Although double-needle technique may be helpful, it is not recommended due to risk of

needlestick injury. Use direct transfer technique.
Sterile gloves/hand hygiene Limited data to support sterile glove use
Standardized kits Standardized kits and procedures helpful in preventing blood culture contamination
Sterile drapes Not studied as an isolated intervention; sometimes included in blood culture kits
Appropriate blood volume Contamination and false-positive results associated with under- and overfilling blood culture

bottles
Phlebotomy team/education Proven useful in decreasing blood culture contamination in numerous studies
Multidisciplinary quality improvement Requires both technical and adaptive work
Surveillance and feedback A key part of any comprehensive program to decrease blood culture contamination
Initial specimen diversion Commercially available device shows promise as a cost-effective means to decrease contamination
aDerived from references 4, 14, 21, 24, 30, 31, 37, 68, 71, 76–128, 130, 131, 133.
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the clinical consequences of a contaminated blood culture vary depending on the
location from which a specimen is drawn (e.g., in an ED or on a ward caring for
immunosuppressed patients). In addition, contaminated blood cultures are more likely
to occur in patients with limited or difficult venous access such as neonates, patients
with concurrent vascular lines, obese patients, or in patients in which blood cultures are
drawn emergently. Thus, in these settings, even greater effort is warranted in attempt-
ing to avoid contamination of blood cultures. This may include collection of blood for
culture by use of initial specimen diversion devices and/or use of specialized, highly
trained personnel to draw blood cultures using sterile gloves or a double-needle
method. A related question is whether special laboratory techniques to rapidly identify
blood culture isolates and antimicrobial resistance determinants should be utilized in
these situations. The answer to this secondary question is yes.

A fourth question is whether better criteria are needed to distinguish between
contaminants and true pathogens when unusual organisms recovered from blood
cultures are identified using non-culture-based molecular methods, e.g., MALDI-TOF
MS, nucleic acid amplification, PNA-FISH, and/or nucleic acid sequencing. Notwith-
standing situations where contamination is likely to have occurred, for example,
multiple blood culture sets obtained with only a single bottle positive, blood culture
isolates identified by these methods are often, a priori, considered to be of clinical
significance. This can result in two unintended consequences. First, patients receive
unnecessary antimicrobial therapy and additional diagnostic studies are performed.
Second, the spurious diagnosis of certain conditions may result in unfair financial
penalties being imposed on institutions based on the dictates of the Centers for
Medicare Services. Expanding the list of known pathogens or otherwise changing the
definition of what constitutes blood culture contamination may serve as solutions to
this problem.

A fifth issue pertains to the increasingly important problem of central line-associated
bloodstream infections (CLABSIs). CLABSIs are not only of clinical significance: CLABSI
rates are publicly reported by the Center for Medicare and Medicaid Services (CMS) and
can result in penalties via CMS pay-for-performance programs (value-based purchasing
and hospital-acquired conditions programs) (133). However, as noted above, blood for
culture when obtained through an indwelling vascular catheter is more likely to be
contaminated than blood obtained by peripheral venipuncture. This underscores the
importance of accurately assessing the significance of blood culture isolates in patients
with central lines. The NHSN has provided criteria for defining the presence of a true
CLABSI (134). Among these criteria, two or more blood cultures which yield organisms
defined by the CDC as “common commensals” are to be considered significant. NHSN
developed and maintains a list of organisms to be considered common commensals
(135). Currently, there are over 700 hundred organisms on this list, the vast majority of
which are unknown to all but a few clinical microbiology laboratories in the United
States. Because of the nature of this list, it requires frequent updates, the most
recent of which was in January of 2019 (136). Further, identification of most of the
organisms on the list necessitates use of expensive molecular methods, e.g.,
MALDI-TOF and/or nucleic acid sequencing techniques, that may not be available in
many clinical microbiology laboratories. As a consequence, there exists a tendency
to overestimate the clinical significance of blood culture isolates from central lines,
in turn leading to the potential for all of the negative downstream clinical conse-
quences of false-positive blood cultures discussed above. Blood culture contami-
nation events can also have a negative impact on hospital reimbursement if the
positive blood culture result contributes to meeting the NHSN definition of central
line-associated bloodstream infection (133). Clearly, better criteria are needed to
more accurately define the presence of a true CLASBI, preferably, criteria that are
predicated on technologies and approaches that are actually in place in clinical
microbiology laboratories today.

Additional questions pertain to use of initial specimen diversion devices as a means
for reducing blood culture contamination rates. To wit, should such devices be used
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routinely, or should they be applied selectively in circumstances where there exists a
high likelihood of blood culture contamination? Also, can such devices be used to
reduce contamination associated with blood drawn directly through indwelling venous
catheters? The availability of more extensive data in peer-reviewed publications
which assess the utility of the Kurin Lock device would be most instructive, as would
published data describing the results of a head-to-head comparison of the Steripath
and Kurin Lock devices. Additional data comparing contamination rates obtained
with diversion devices versus simple initial specimen discard would be of value, as
would data which assess the utility of diversion device over prolonged study
periods, preferably with application to all patients rather than selected patient
populations.

CONCLUSIONS

Blood cultures have been a critically important and potentially life-saving diagnostic
test for over a century, yet the problem of blood culture contamination persists. There
exists a universal consensus that contaminated blood cultures are costly and lead to
important unintended consequences for patients. These unintended consequences are
diverse and complex, but most are directly or indirectly related to unnecessary and
prolonged antibiotic exposure, increased diagnostic testing, and prolonged periods of
hospitalization. In general, in the past, overall institutional blood culture contamination
rates of 3% have been considered acceptable.

However, we now have a comprehensive understanding of how blood culture
contamination occurs and equally importantly, a clear understanding of how to dimin-
ish the scope and magnitude of the problem. The frequency of contamination and
subsequent secondary harm and excess cost related to contamination can be reduced
by careful selection of patients who really need blood cultures, meticulous and proper
skin antisepsis, the use of dedicated phlebotomy teams to obtain blood samples,
and/or adequate training of staff on how to properly obtain blood samples. Whenever
possible, blood for culture should not be obtained from vascular catheters. Further, the
use of initial specimen diversion devices as an alternative to standard blood specimen
collection methods represents an exciting new advance that has the potential for
reducing overall contamination rates to levels not previously considered to be attain-
able. In view of the foregoing, we believe that a new universal standard of �1% should
be considered in defining allowable overall institutional blood culture contamination
rates.
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